Introduction
Receptor-mediated endocytosis via clathrin-coated vesicles is a universal mechanism in eucaryotic cells. Coated vesicles are also necessary for the export of lysosomal enzymes, and in cells with a regulated secretion pathway, clathrin-coated vesicles are required for the formation and export of dense core granules out of the trans Golgi network I 1 1. Neurones often contain two distinct pathways of regulated secretion, one involving the packaging of neuropeptides in large vesicles analogous to densecore granules, and another quite distinct pathway involving smaller electron-translucent synaptic vesicles in which neurotransmitters are stored [Z] .
Studies on the biosynthesis of synaptophysin in N " 2 cells suggest that the protein is exported via the constitutive secretion pathway to the plasma membrane, where it is internalized into clathrincoated vesicles and sorted in the endosome away from both recycling receptors and from proteins destined for degradation in the lysosome. Synaptophysin is selected into a population of uniform-size vesicles with many of the properties of synaptic vesicles 131. The signals required for the efficient sorting of synaptic vesicle proteins within the endosome are not clear, but a good candidate would be sequence motifs and/or phosphorylation sites on the cytoplasmic domains. This idea is clearly based on the analogy with other sorting phenomena, such as the selection of the poly-Ig receptor into transcytotic vesicles in polarized epithelia [2, 41. The synapse, being far removed from the cell body, must contain all the sorting mechanisms, probably including an endosome-like organelle. Indeed these may even be present in an exaggerated form because they will be needed for the rapid regeneration of synaptic vesicles following exocytosis. There is no doubt that local membrane recycling and vesicle regeneration must occur at the active synapse and that, more generally, the rate of recycling must be variable so that it is coordinately regulated with the rate of exocytosis. The extent to which clathrin-coated vesicles are involved in this localized recycling has been debated IS]. A wave of clathrin-mediated endocytosis occurs in the presynaptic membrane following hyperstimulation at the neuromuscular junction, but this effect has been A b l m 4 a t i o n used: 1,C, light chain criticized for being non-physiological. However, in the Drosophzla temperature-sensitive mutation Shzbire, in which the conversion of coated pits into coated vesicles is inhibited, there is a dramatic increase in the surface area of the pre-synaptic membrane following stimulation and a concomitant decrease in the number of synaptic vesicles [6] . This is powerful evidence for the central role of clathrin-coated vesicles in synaptic vesicle recycling. Looked at from one point of view, membrane recycling at the synapse is a specialized form of the membrane recycling found in non-neuronal cells.
As so often happens, evolution appears to have tinkered with a pre-existing pathway rather than inventing a whole new mechanism. Perhaps we should not be surprised, therefore, if we find some regulatory components of the coated vesicle to show additional neuronal-specitic structures.
Clathrin light-chain structure
Clathrin comprises the outer layer of the coat. The basic structural subunit is the triskelion containing three molecules each of clathrin heavy chains (1 80 kDa) and clathrin light chains (25-30 k h ) . The triskelion polymerizes onto the undersurface of the plasma membrane to form the hexagonal lattice of the coated pit [7] . Hecause the vertex and elbow are flexible, the triskelions can also polymerize to form pentagons and thus induce curvature into the growing pit. The light chains themselves have been implicated in various aspects of coat regulation, particularly assembly and disassembly, and there are several highly suggestive features which point to a regulatory role. For example, they bind calcium and calmodulin [8, 91 and they are required for the activities of the clathrin-uncoating enzyme [ 101.
There are two light chains designated I,Ca and I,Cb, the brain forms of which are each 2-3 kI)a heavier than their non-brain counterparts. Sequence analysis (Fig. 1) shows that the two isoforms exhibit about 60% sequence identity [ll-131. The higher sizes of the brain-specific forms result from the presence of inserted sequences of 32 amino acids in the case of LCa and 18 amino acids in LCb, which occur at equivalent positions in the C-terminal half of the sequence. These inserts arise by alternative mKNA splicing and are expressed in neurones . .
LCb
. . . . , . . sequences on the heavy chain. The N-and Ctermini are both positioned at the vertex of the triskelion (Fig. 2) . This is a strategic location as many of the protein-protein interactions which stabilize the coat (and which presumably must be disrupted during uncoating) are centred at the vertex. The fact that the conserved region and the brain-specific inserts are now brought within close proximity is also highly suggestive. What then is the role of these two regions? A recent study by Pley et al.
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[ 161 using deletion analysis suggests that both regions are involved in the binding of calmodulin. The 'extra' calmodulin present on neuronal light chains might confer added sensitivity to changes in free calcium levels and may be a convenient way for neuronal triskelions to sense the exocytic activity at the synapse. Interestingly, the yeast light-chain sequencewhich is only distantly related to either I,Ca or 1,Cb -shows its maximum homology at these two The heavy chain-binding site is composed of two a-helical bundles connected by the skip tryptophan.
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regions of the mammalian light chains [ 171.
Perhaps the 'brain-specific' sequences are an ancient motif whose function has been redirected for a more specialist role?
Clathrin light-chain polymorphism
Little is known about the function of the polymorphism within mammalian light chains. The sequence divergence at the N-terminus suggests that this region is involved in isoform-specific roles.
terminus [ 1 XI. T h e only other isoform difference is the presence in 1,Ca between the conserved region and the heavy chain-binding site of a proline-rich region that interacts with the uncoating enzyme ( Fig. 1 
